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(54) RADIO FREQUENCY DEVICE

(57) A transition unit (2) of a radio frequency device
(1) provides a transition between a planar differential pair
transmission line (7) and a hollow radio frequency
waveguide (15, 27). The transmission unit (2) comprises
a substrate layer arrangement (3) with a planar differen-
tial pair transmission line (7) arranged on one or more
surfaces (10, 11) of at least one substrate layer (4, 5) of
the substrate layer arrangement (3), whereby an end sec-
tion (12) of the differential pair transmission line (7) is
configured as a radio frequency signal emission pattern
(13). The transition unit (2) further comprises an end sec-
tion (14) of a waveguide (15) for radio frequency electro-
magnetic waves that is attached to the substrate layer
arrangement (3) and that superposes the radio frequency

signal emission pattern (13). The waveguide (15) is di-
rected perpendicular to the substrate layer arrangement
(3). An open end (17) of the end section 14) of the
waveguide (15) is attached to a first outer surface (16)
or a second outer surface (19) of the substrate layer ar-
rangement (3). Opposite to the end section (14) of the
waveguide (15) a back cavity (18) is attached with an
open end (21) of the back cavity (18) towards the sub-
strate layer arrangement (3), whereby the back cavity
(18) prevents a part of the radio frequency signal emis-
sion that is emitted from the emission pattern (13) from
leaking outside of the end section (14) of the waveguide
(15).
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Description

Technical Field

[0001] The invention relates to a radio frequency de-
vice with a transition unit providing a transition between
a planar differential pair transmission line and a hollow
radio frequency waveguide, the radio frequency device
comprising a substrate layer arrangement with a planar
differential pair transmission line arranged on one or
more surfaces of at least one substrate layer of the sub-
strate layer arrangement, and with the transition unit
comprising an end section of the differential pair trans-
mission line that is configured as a radio frequency signal
emission pattern, the transition unit further comprising
an end section of the waveguide for radio frequency elec-
tromagnetic waves that is attached to substrate layer ar-
rangement and that superposes the radio frequency sig-
nal emission pattern.

Background of the invention

[0002] Several applications for electromagnetic waves
and corresponding signals require low loss transmission
or low loss distribution of radio frequency signals, or both.
Hollow waveguides as e.g. a rectangular waveguide fea-
ture this behavior and are commonly used in this regard.
However, further signal processing usually requires a
transition to a planar substrate where, depending on the
purpose, several kinds of planar transmission lines are
commonly used. The coupling of radio frequency waves
between hollow waveguides and planar transmission
lines depends on the kind of planar transmission line that
is used for signal transmission along a planar substrate
layer. Different kinds of planar transmission lines include
e.g. a microstrip transmission line or a differential pair
transmission line. Nevertheless, the majority of published
work focuses to the radio frequency signal transition from
a hollow waveguide into the microstrip mode.
[0003] A planar differential pair transmission line can
be arranged on two opposing surfaces of a single sub-
strate layer. In this case the substrate layer arrangement
comprises at least the single substrate layer, but may
also comprise additional substrate layers dedicated to
other means or functions. It is also possible to arrange
different sections of a planar differential pair transmission
line at surfaces of two or even more different substrate
layers of a substrate layer arrangement that comprises
these two or more different substrate layers. In recent
developments a planar differential pair transmission line
is arranged on two surfaces of two substrate layers made
of e.g. glass, whereby the two substrate layers are ar-
ranged at a distance towards each other. Sections of the
planar differential pair transmission line are arranged at
the two surfaces of the two substrate layers that face
each other. In case that a material with variable and con-
trollable dielectric characteristics is arranged inside be-
tween the two substrate layers, the signal transmission

characteristics of the planar differential pair transmission
line can be modified.
[0004] Several possibilities of transitions into the dif-
ferential strip line mode are also known from literature,
but they are affected by detrimental characteristics and
constraints. Usually, such transitions suffer from band-
width limitations. In many cases the already known tran-
sitions require vias within the substrate layer arrange-
ment which are not only costly but also not easily appli-
cable to all used substrate technologies e.g. multilayer
glass. They are also comparable bulky which limits the
application to either one single transition or multiple tran-
sitions which are geometrically well separated. Further-
more, such transitions usually require the insertion of at
least one substrate layer of the substrate layer arrange-
ment into the waveguide itself which limits the placement
of the transition to edge or corner points of the substrate.
[0005] However, for many applications more tightly
spaced transition points are required without the limita-
tion to substrate edges and without the need of radiation
suppressing vias over a larger bandwidth. Thus, there is
a need to provide for a transition unit that allows for a
highly efficient transition of the radio frequency signal,
and that is easily manufactured and does not require
much space.

Summary of the invention

[0006] The present invention relates to a radio frequen-
cy device with a transition unit as described above,
whereby the end section of the waveguide is directed
perpendicular to the first surface of the first substrate
layer, whereby an open end of the end section of the
waveguide is attached to a top surface or a back surface
of the substrate layer arrangement and superposes the
radio frequency signal emission pattern, whereby oppo-
site to the end section of the waveguide a back cavity is
attached with an open end of the back cavity to the sub-
strate layer arrangement, and whereby the back cavity
prevents a part of the radio frequency signal emission
that is emitted from the emission pattern from leaking
outside of the end section of the waveguide. By mounting
the open end of the end section of the waveguide on a
surface of a substrate layer of the substrate layer ar-
rangement, the transition unit can be arranged at an ar-
bitrary position within the surface of the substrate layer
arrangement. There is no need to arrange the transition
unit at a border or edge of the respective substrate layer.
Thus, the invention allows for more options and less
space restrictions related to the design of the radio fre-
quency device. A back cavity can be easily and cost-
effectively manufactured. Many radio frequency devices
require complex hollow waveguide structures that can
be arranged on one or both sides of the substrate layer,
which facilitates the design and manufacture of additional
back cavities. By adding a back cavity at the appropriate
spot on the opposing surface of the substrate layer ar-
rangement, the efficiency of the transition between the
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hollow waveguide and the planar differential pair trans-
mission line can be significantly enhanced, i.e. unwanted
radio frequency signal emission leaking outside of the
end section of the waveguide can be reduced. Such a
transition unit is considered advantageous over prior art
especially with respect to radio frequency signal transi-
tions from the planar differential pair transmission line
into the adjacent hollow waveguide.
[0007] According to an advantageous embodiment of
the invention, a distance between the planar differential
pair transmission line and a back side of the back cavity
that opposes the substrate layer is larger than at least
one distance between opposing parts of the circumfer-
ential line of a cross-section of the open end of back
cavity. For many applications it is considered advanta-
geous to provide for a large distance between a back
side of the back cavity and the planar differential pair
transmission line, which helps to reduce the leakage of
radio frequency signal emission from the transition unit.
During design of the radio frequency device, there will
usually be a trade-off between space requirements for
the back cavity and enhancement of the signal transition
efficiency.
[0008] According to an aspect of the invention, the end
section of the waveguide is a first end section of a first
waveguide, and the back cavity is a second end section
of a second waveguide that is directed into an opposite
direction of the first end section of the first waveguide,
whereby a part of the radio frequency signal emission
that is emitted from the emission pattern of the is trans-
mitted into the second end section of the second
waveguide. Thus, the back cavity is not only used as a
means for suppressing unwanted leakage of the radio
frequency signal at this special region of the radio fre-
quency device, but allows for an additional benefit of cre-
ating a branching of the signal transmission without need
for additional branching components. The fist and second
waveguide can be used to transmit the radio frequency
signal towards different components of the radio frequen-
cy device. It is also possible to reunite the first and second
waveguide and to superimpose the two branches of the
radio frequency signal into a single combined radio fre-
quency signal.
[0009] According to a further aspect of the invention,
a cross-section area of the open end of the back cavity
and a cross-section area of the open end of the end sec-
tion of the waveguide are identical and the open end of
the back cavity superposes the open end of the end sec-
tion of the waveguide. By matching the design and posi-
tion of the end section of the waveguide and the back
cavity, the electrical boundary conditions for the transition
of the radio frequency signal can be modified and opti-
mized in order to reduce unwanted leakage of the radio
frequency signal emission from the transition unit, which
will also enhance the transmission efficiency.
[0010] For many applications it is advantageous or
even mandatory to arrange several transition units onto
a single substrate layer arrangement. In yet another em-

bodiment of the invention the radio frequency device
comprises several transition units arranged adjacent to
each other. The arrangement of hollow waveguides with
similar signal power during use of the radio frequency
device adjacent to each other imposes additional elec-
trical boundary conditions for the radio frequency signal
emission that contribute to the reduction of unwanted sig-
nal leakage from each of the transition units. In the same
manner the arrangement of back cavities adjacent to
each other and opposite to the respective open ends of
the corresponding end sections of the hollow waveguides
also imposes additional electrical boundary conditions
that reduce unwanted leakage and thus improve the ef-
ficiency for the transition of the radio frequency signal
between the planar transmission line and the hollow
waveguide. The arrangement of several transition units
adjacent to each other as well as the design and position
of each transition unit can be easily modified and adapted
to the respective needs related to the radio frequency
device in question as well as to the intended transition
efficiency for the radio frequency signals that are trans-
mitted within the radio frequency device.
[0011] For many applications the diameter of a hollow
waveguide will be less than a preferred distance between
adjacent hollow waveguides that depends on the wave-
length of the radio frequency signal and results in favo-
rable electrical boundary conditions for reducing unwant-
ed leakage. Thus, a preferred arrangement of adjacent
transition units might require some distance between ad-
jacent hollow waveguides and the respective transition
units.
[0012] According to yet another aspect of the invention
several transition units are arranged in two or more rows
running parallel and at a distance towards each other.
By arranging several transition units in two or more rows
the total surface area that is required for mounting this
number of transition units onto the surface of the sub-
strate layer can be reduced in comparison to a single row
of transition units. Thus, two or more rows of transition
units allow for a compact and space-saving arrangement
of a large number of transition units, and also allow for
very favorable electric boundary conditions that result
from arranging similar transition units along a straight line
and adjacent to each of the neighboring transition units.
[0013] In yet another embodiment of the invention the
distance between adjacent transition units of at least one
row is larger or identical to the lateral extension of the
transition units, and whereby at least some of the transi-
tion units of a neighboring row are arranged within a cor-
responding gap between adjacent transition units of the
at least one row. The distance between a first transition
unit and a second transition unit within the at least one
row can be used for arranging planar transition lines con-
nected to the transition units of neighboring row. The hol-
low waveguides of the transition units of the neighboring
row can also be arranged in a manner as to improve the
electrical boundary conditions for the transition units of
the at least one row, and vice versa.
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[0014] According to a favorable aspect of the invention
the design of two or more back cavities that are arranged
adjacent to each other is identical. Furthermore, it is also
considered advantageous that the design of two or more
end sections of the waveguides that are arranged adja-
cent to each other is also identical. By matching the de-
sign and position of the end sections of the waveguides
or of the corresponding back cavities or of both, the elec-
trical boundary conditions for the transition of the radio
frequency signal that is transmitted through each of the
transition units are advantageous and support a very ef-
ficient transition of the radio frequency signal by reducing
most of the unwanted leakage of the radio frequency sig-
nal emission from the respective transition unit. The fa-
vorable electrical boundary conditions can be preset by
arranging a number of identical transition units adjacent
to each other along a straight line or curved row.

Brief description of the drawings

[0015] The present invention will be more fully under-
stood, and further features will become apparent, when
reference is made to the following detailed description
and the accompanying drawings. The drawings are
merely representative and are not intended to limit the
scope of the claims. In fact, those of ordinary skill in the
art may appreciate upon reading the following specifica-
tion and viewing the present drawings that various mod-
ifications and variations can be made thereto without de-
viating from the innovative concepts of the invention. Like
parts depicted in the drawings are referred to by the same
reference numerals.

Figure 1 illustrates a perspective sectional view of a
transition unit of a radio frequency device with an
arrangement of two substrate layers with a planar
differential pair transmission line arranged between
facing surfaces of the substrate layers, with an end
section of a hollow waveguide positioned at a top
surface of a substrate layer arrangement comprising
the two substrate layers, whereby an end section of
the hollow waveguide superposes the radio frequen-
cy signal emission pattern of the planar differential
pair transmission line, and with a back cavity oppos-
ingly attached to a back surface of the substrate layer
arrangement,

Figure 2 illustrates a sectional view along the line II-
II of the transition unit shown in figure 1,

Figure 3 illustrates a perspective view of several pla-
nar differential pair transmission lines arranged with-
in a substrate layer arrangement adjacent to each
other, whereby each end section of the respective
differential pair transmission line is configured as a
radio frequency signal emission pattern,

Figure 4 illustrates a perspective view of the sub-

strate layer arrangement of figure 3 with end sections
of the respective hollow waveguides mounted on top
of the radio frequency signal emission patterns and
back cavities arranged opposite to the hollow
waveguides at the substrate layer arrangement, and

Figure 5 illustrates another embodiment of a transi-
tion unit with a first hollow waveguide and a second
hollow waveguide arranged on the substrate layer
arrangement opposing towards each other.

[0016] In figures 1 and 2 a perspective sectional view
of an exemplary part of a radio frequency device 1 with
a transition unit 2 according to the present invention is
shown. The radio frequency device 1 comprises a sub-
strate layer arrangement 3 that comprises a first sub-
strate layer 4 and a second substrate layer 5, each made
of an electrically non-conducting material like e.g. glass.
The first and second substrate layer 4, 5 are arranged
parallel and at a distance towards each other. The volume
between the first and second substrate layer 4, 5 is filled
with a tunable dielectric material 6 like e.g. a liquid crystal
material with variable and controllable dielectric proper-
ties. The volume between the first and second substrate
layer 4, 5 can be segmented to allow for many small
segments or chambers that are filled with the tunable
dielectric material 6. The dielectric properties of the tun-
able dielectric material 6 can be controlled e.g. by apply-
ing a bias voltage to bias electrodes on opposite sides
of the volume or of a small segment for which the dielec-
tric properties of the tunable dielectric material are to be
preset or modified.
[0017] A planar differential pair transmission line 7 with
two parallel line sections 8, 9 of an electrically conducting
material is arranged on a first surface 10 of the first sub-
strate layer 4 and on a second surface 11 of the second
surface 5 of the substrate layer arrangement 3. The first
surface 10 and the second surface 11 are facing each
other and confine the volume between the first and sec-
ond substrate layer 4, 5. The planar differential pair trans-
mission line 7 runs into an end section 12 that is config-
ured as a radio frequency signal emission pattern 13,
resulting in a dipole-like configuration within this embod-
iment.
[0018] An end section 14 of a hollow waveguide 15
made from an electroconductive material is also ar-
ranged on a first outer surface 16 of the substrate layer
arrangement 3. An open end 17 of the end section 14 of
the hollow waveguide 15 superposes the radio frequency
signal emission pattern 13 of the end section 12 of the
planar differential pair transmission line 7, as can be seen
in figure 2. Thus, a radio frequency signal that is trans-
mitted along the planar differential pair transmission line
7 towards the end section 12 will be emitted from the
frequency signal emission pattern 13. A part of the emit-
ted signal power will be directed through the open end
17 and into the hollow waveguide 16. Another part of the
emitted signal power will be directed into an opposite
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direction.
[0019] Opposite to the end section 14 of the hollow
waveguide 15 there is a back cavity 18 that is mounted
onto a second outer surface 19 of the substrate layer
arrangement 3, whereby the second outer surface 19 is
opposite to the first outer surface 16 of the substrate layer
arrangement 3. A distance between the second outer
surface 19 of the substrate layer arrangement 3 and a
back side 20 of the back cavity 18 that opposes the sec-
ond outer surface 19 is larger than the distance between
opposing parts of the circumferential line of a cross-sec-
tion of an open end 21 of the back cavity 18, i.e. larger
than a distance between opposing wall sections 22, 23
around the open end 21 of the back cavity 18.
[0020] A shape of the open end 21 of the back cavity
18 equals the shape of the open end 17 of the hollow
waveguide 15. Furthermore, the open end 21 of the back
cavity 18 is positioned opposing to the end section 14 of
the hollow waveguide 15 in a manner as to fully super-
impose the open end 17 of the hollow waveguide 15. A
large part of the signal power that is directed into the
direction of the back cavity 18 will be reflected and fed
into the hollow waveguide 15. By adding the back cavity
18 to the transition unit 2, an unwanted leakage of radio
frequency signal emission from the transition unit 2 can
be significantly reduced.
[0021] Figures 3 and 4 show a part of a radio frequency
device 1 with several transition units 2 arranged in two
rows 24, 25 along the first surface 10 of the first substrate
layer 4 and along the second surface 11 of the second
surface 5 of the substrate layer arrangement 3. In figure
3 the transition units 2 are shown without hollow
waveguides 15 and without back cavities 18. In figure 4
the same transition units 2 are shown with hollow
waveguides 15 and back cavities 18, whereby the end
sections 14 of the hollow waveguides 15 and the respec-
tive open ends 21 of the back cavities 18 each superpose
the frequency signal emission patterns 13 of the corre-
sponding planar differential pair transmission lines 7.
[0022] A distance between adjacent transition units 2
of the first row 24 and of a second row 25 is larger than
the lateral extension of each of the hollow waveguides
15 of the adjacent transition units 2. Thus, there is a gap
26 between adjacent hollow waveguides 15 along the
first row 24 as well as along the second row 25. The
transition units 2 of the first row 24 are arranged within
a corresponding gap 26 between adjacent transition units
2 of the second row 25, and vice versa. The planar dif-
ferential pair transmission lines 7 that run towards the
transition units 2 of the second row 25 are arranged within
the gap 26 between adjacent transition units 2 of the first
row 24.
[0023] Figure 5 illustrates another embodiment of the
transition unit 2 of a radio frequency device 1. A second
hollow waveguide 27 is used as the back cavity 18. Most
part of the radio frequency signal emission from the fre-
quency signal emission pattern 13 will be directed either
into the first hollow waveguide 15 that is arranged on the

first outer surface 16 of the substrate layer arrangement
3 or into the second hollow waveguide 27 that is arranged
on the second outer surface 19 of the substrate layer
arrangement 3 opposing the first hollow waveguide 15.
The undesired leakage of radio frequency signal emis-
sion from the transition unit 2 will be significantly reduced.
A signal transmission direction within the end section 14
of the first hollow waveguide 15 is opposite to a signal
transmission direction within an end section 28 of the
second waveguide 27.

Claims

1. A radio frequency device (1) with a transition unit (2)
providing a transition from a planar differential pair
transmission line (7) to a hollow radio frequency
waveguide (15, 27), the radio frequency device (1)
comprising a substrate layer arrangement (3) with a
planar differential pair transmission line (7) arranged
on one or more surfaces (10, 11) of at least one sub-
strate layer (4, 5) of the substrate layer arrangement
(3), and with the transition unit (2) comprising an end
section (12) of the differential pair transmission line
(7) that is configured as a radio frequency signal
emission pattern (13), the transition unit (2) further
comprising an end section (14) of the waveguide (15)
for radio frequency electromagnetic waves that is
attached to the substrate layer arrangement (3) and
that superposes the radio frequency signal emission
pattern (13), characterized in that the end section
(14) of the waveguide (15) is directed perpendicular
to the one or more surfaces (10, 11) of the substrate
layer arrangement (3) with the planar differential pair
transmission line (7), that an open end (17) of the
end section (14) of the waveguide (15) is attached
to a first outer surface (16) or a second outer surface
(19) of the substrate layer arrangement (3), and in
that opposite to the end section (14) of the
waveguide (15) a back cavity (18) is attached with
an open end (21) of the back cavity (18) to the sub-
strate layer arrangement (3), whereby the back cav-
ity (183) prevents a part of the radio frequency signal
emission that is emitted from the emission pattern
(13) from leaking outside of the end section (14) of
the waveguide (15).

2. Radio frequency device (1) according to claim 1,
whereby a distance between the planar differential
pair transmission line (7) and a back side (20) of the
back cavity (18) that opposes the first or second sur-
face (10, 11) of the substrate layer arrangement (3)
is larger than at least one distance between opposing
parts (22, 23) of the circumferential line of a cross-
section of the open end (21) of back cavity (18).

3. Radio frequency device (1) according to claim 1,
characterized in that the end section (14) of the
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waveguide (15) is a first end section (14) of a first
waveguide (15), and in that the back cavity (18) is
a second end section (28) of a second waveguide
(27) that is directed into an opposite direction of the
first end section (14) of the first waveguide (15),
whereby a part of the radio frequency signal emis-
sion that is emitted from the emission pattern (13) is
transmitted into the second end section (28) of the
second waveguide (27) .

4. Radio frequency device (1) according to one of the
preceding claims, characterized in that a cross-
section area of the open end (21) of the back cavity
(18) and a cross-section area of the open end (17)
of the end section (14) of the waveguide (15) are
identical and that the open end (21) of the back cavity
(18) superposes the open end (17) of the end section
(14) of the waveguide (15).

5. Radio frequency device (1) according to one of the
preceding claims, characterized in that the radio
frequency device (1) comprises several transition
units (2) arranged adjacent to each other.

6. Radio frequency device (1) according to claim 5,
characterized in that the several transition units (2)
are arranged in two or more rows (24, 25) running
parallel and at a distance towards each other.

7. Radio frequency device (1) according to claim 6,
whereby a distance (26) between adjacent transition
units (2) of a first row (24) or of a second row (25) is
larger or identical to the lateral extension of the tran-
sition units (2), and whereby at least some of the
transition units (2) of the first row (24) are arranged
within a corresponding gap (26) between adjacent
transition units (2) of the second row (25).

8. Radio frequency device (1) according to one of the
preceding claims 5 to 7, characterized in that the
design of two or more back cavities (18) that are
arranged adjacent to each other is identical.
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